Vertebral haemangiomas are usually asymptomatic and discovered fortuitously during imaging. A small proportion may develop variable degrees of pain and neurological deficit. We prospectively studied six patients who underwent eight surgical procedures on 11 vertebral bodies. There were 11 balloon kyphoplasties, six lumbar and five thoracic. The mean follow-up was 22.3 months (12 to 36). The indications for operation were pain in four patients, severe back pain with Frankel grade C paraplegia from cord compression caused by soft-tissue extension from a thoracic vertebral haemangioma in one patient, and acute bleeding causing Frankel grade B paraplegia from an asymptomatic vascular haemangioma in one patient. In four patients the exhibited aggressive vascular features, and two showed lipomatous, non-aggressive, characteristics. One patient who underwent a unilateral balloon kyphoplasty developed a recurrence of symptoms from the non-treated side of the vertebral body which was managed by a further similar procedure.
Vertebral haemangiomas are usually asymptomatic and discovered fortuitously during imaging. A small proportion may develop variable degrees of pain and neurological deficit. We prospectively studied six patients who underwent eight surgical procedures on 11 vertebral bodies. There were 11 balloon kyphoplasties, six lumbar and five thoracic. The mean follow-up was 22.3 months (12 to 36). The indications for operation were pain in four patients, severe back pain with Frankel grade C paraplegia from cord compression caused by soft-tissue extension from a thoracic vertebral haemangioma in one patient, and acute bleeding causing Frankel grade B paraplegia from an asymptomatic vascular haemangioma in one patient. In four patients the exhibited aggressive vascular features, and two showed lipomatous, non-aggressive, characteristics. One patient who underwent a unilateral balloon kyphoplasty developed a recurrence of symptoms from the non-treated side of the vertebral body which was managed by a further similar procedure.
Balloon kyphoplasty was carried out successfully and safely in all patients; four became asymptomatic and two showed considerable improvement. Neurological recovery occurred in all cases but bleeding was greater than normal. To avoid recurrence, complete obliteration of the lesion with bone cement is indicated. For acute bleeding balloon kyphoplasty should be combined with emergency decompressive laminectomy. For intraspinal extension with serious neurological deficit, a combination of balloon kyphoplasty with intralesional alcohol injection is effective.
Haemangiomas constitute 7% of all benign soft-tissue tumours 1 and may also involve bone, in particular, the spine and calvaria. 2 The long bones are less frequently involved. Vertebral haemangiomas are usually asymptomatic and are discovered fortuitously during imaging. They are discovered in the spine in between 10% and 12% of cadavers, [3] [4] [5] whereas spinal imaging demonstrates their presence in up to 27% of cases. 6 About 1% may develop symptoms, with variable degrees of pain, a neurological deficit or a combination of both. 7, 8 In one study, symptomatic vertebral haemangiomas were associated with pain in 54% of cases and there was variable neurological involvement in 45%. 9 In another series acute pain from a pathological compression fracture occurred in 19%, disabling chronic pain in 61.9%, epidural extension and cord compression in 4.7%, and 14.2% were asymptomatic. 10 Several options are available for the management of symptomatic lesions, including resection and spinal stabilisation, 9, 11 transarterial embolisation, 12 intralesional alcohol injection, 13 radiotherapy, 14 vertebroplasty, 15, 16 and kyphoplasty. 17, 18 Each has its advantages and disadvantages. An open surgical approach is a major procedure. The hypervascularity of the lesions may provoke serious complications, with profuse bleeding 11 or a consumptive coagulopathy (Kasabach-Merritt syndrome). 19, 20 Embolisation of the feeding artery is not always useful, as it may not reduce intraoperative bleeding. 11 In the mid-thoracic spine such a procedure may well be dangerous 21 and angiography may fail to demonstrate feeding vessels that could be embolised. 22 Radiation therapy has been advocated as the treatment of choice, particularly for multiple spinal lesions. 23, 24 However, the recommended dose of 2 Gy per day for several weeks, with a total of 30 Gy to 40 Gy, 25 precludes the immediate effectiveness of radiation therapy and such management is not recommended in acute situations. Radiation has also the potential risk of radionecrosis 25, 26 and may also induce sarcomatous change. 27, 28 Translesional embolisation, although beneficial in the presence of a neurological deficit 13 30 with 72% in the presence of paraplegia. 31 The technique of vertebroplasty was first described in 1987 by Galibert et al 32 in the treatment of an aggressive haemangioma of the cervical spine. The success rate for the management of vertebral haemangioma with vertebroplasty has ranged from 71.4% to 91.6%. 30, [33] [34] [35] [36] [37] There are only two case reports describing the use of balloon kyphoplasty; one for a painful sacral haemangioma 17 and the other for a lesion at T12. 18 Leakage of cement is less likely to occur during balloon kyphoplasty than vertebroplasty, 38 and we have therefore used the former with polymethylmethacrylate bone cement (PMMA) for the management of symptomatic vertebral haemangioma in six patients.
Patients and Methods
There were five women and one man, with a mean age of 45.6 years (14 to 75) and mean follow-up of 24 months (12 to 36). Pre-operative investigation included a detailed history, a thorough clinical examination, plain radiographs and CT and MRI scanning. During clinical examination, the affected site was localised by tenderness elicited by point pressure 39 and subsequently verified by fluoroscopic examination. This test was not performed in one patient who presented with Frankel B paraplegia. 40 A CT scan was performed in order to depict cavernous haemangiomas and the integrity of the vertebral walls. T 1 , T 2 and gadoliniumenhanced T1-weighted MR images were undertaken routinely to distinguish lipomatous from vascular haemangiomas.
The six patients underwent eight surgical procedures at different times for different reasons on 11 vertebral bodies, six lumbar and five thoracic, for the treatment of symptomatic vertebral haemangiomas. One additional kyphoplasty was performed for an acute osteoporotic subchondral fracture adjacent to a vertebra affected by a haemangioma. This procedure is not included in the analysis of data. Balloon kyphoplasty was carried out according to the technique published previously. 39 Five patients had the procedure under general, and one under local anaesthesia. During the procedure the arterial blood pressure and oxygen saturation were monitored and remained normal. Biopsies were obtained in five patients.
One patient had four symptomatic vertebral haemangiomas in the lumbar spine, each requiring a balloon kyphoplasty. These procedures relieved her pain, but 24 months later she developed pain in the mid-thoracic spine from a haemangioma at T6 with extension into the pedicle, lamina, transverse and spinal processes. This was managed by balloon kyphoplasty with intralesional injection of alcohol into the extensions of the haemangioma into the spinal and transverse processes, the pedicle and lamina. This patient was followed for 36 months for the lumbar spine and 12 months for the thoracic spine (Table I; patient  3) .
Another patient had a right-sided unilateral balloon kyphoplasty for a haemangioma at L4 with decompression of L4 and L5 for spinal stenosis. She experienced relief from back pain for six months and then had further symptoms which were attributed to residual haemangioma on the left side. A further balloon kyphoplasty was carried out on this side, after which she was followed up for a period of 24 months (Table I ; patient 6). Each patient was assessed by means of subjective perception of pain and functional status using a visual analogue scale (VAS) 41 and the Oswestry Disability Index Questionnaire, 42 clinical examination, and plain radiographs at three, six and 12 months after operation. The final followup was at 12 months for two patients, 24 months for two and 36 months for the remaining two.
A CT scan was performed within a week after surgery and was repeated after six months in all six patients (eight surgical procedures). An MRI was also performed at 12 and 24 months in patient 1, who had a haemangioma with an epidural soft-tissue extension.
Results
The epidemiological summary, pathology, management and outcomes are presented in Table I . There were no intraoperative or post-operative complications. Local anaesthesia used in patient 1 gave excellent analgesia and was well tolerated. All patients experienced immediate relief from pain, and five were discharged on the following day. One patient who had a decompressive laminectomy for complete motor paraplegia was discharged within a week of the procedure and returned to school after four weeks. All patients recovered sufficiently to return to their pre-illness activities. At final follow-up four patients were free from pain and two had a significant improvement in terms of functional status and subjective perception of pain. At the final follow-up one patient scored 2 on the VAS and 10% on the Oswestry Disability Index, whereas the other scored 3 on the VAS and 20% on the Oswestry Disability Index (Table I) .
In one patient, emergency decompressive laminectomy was considered necessary because of the acute onset of paraplegia (Frankel B) and it was deemed proper to proceed with cement augmentation of the vertebral body by balloon kyphoplasty because of the aggressive nature of the haemangioma. This resulted in complete resolution of the soft-tissue haemangioma from the spinal canal (Fig. 1) . The bleeding was spontaneous in this otherwise asymptomatic vertebral haemangioma, and was not secondary to trauma.
One patient developed paraparesis (Frankel grade C) by extension of soft tissue from a haemangioma affecting the 11th thoracic vertebra. This was an aggressive vascular lesion that extended into the pedicles and spinal process. Despite the aggressive nature of the haemangioma, the combination of direct intralesional injection of alcohol into the vertebral body with balloon kyphoplasty proved to be highly effective and safe, eliminating the need for open decompression. Two weeks later, the patient was re-injected with ethanol into areas of persisting haemangioma in the spinal process, lamina and pedicle (Fig. 2) .
CT scans taken after operation and at six months demonstrated no cement leakage. As noted above, one patient with a unilateral balloon kyphoplasty required a further procedure on the opposite side after six months because of recurrence of back pain and another needed an intralesional injection of alcohol for an epidural extension, with repeated injections into the posterior vertebral elements to obliterate a residual vascular lesion extending into the lamina and spinal processes. Similarly, intralesional alcohol injection into the posterior arch was performed in another patient with a symptomatic lesion.
Pre-operative MRI and CT scans demonstrated the characteristic patterns of symptomatic aggressive vascular haemangiomas in four patients, a non-aggressive lipomatous lesion, symptomatic in one, and symptomatic haemangiomas in both vascular and lipomatous forms in the remaining patient. Plain radiographs showed a typical 'jail bar' or 'corduroy cloth' appearance and axial CT scans the typical polka dot patterns in all cases. In five patients, biopsy of the lesions revealed histological changes typical of a haemangioma.
The five patients who complained of back pain had local tenderness over the spinous processes of the affected levels. Bleeding was more profuse than normal. Constant bleeding was present during the channelling of the pedicles and ceased in all cases when the balloon was inflated. Bleeding appeared once again after deflation of the balloon and was permanently controlled after insertion of the bone cement. When alcohol was injected, bleeding ceased immediately.
Discussion
Surgical and non-surgical treatments have been described in the management of haemangiomas. In a review article which included 21 reports of 63 cases 43 radiotherapy produced complete remission of symptoms in 57% of cases, partial remission in 32% and no response in 11%.
Laredo et al 44 described certain characteristics of haemangiomas on imaging that can indicate the potential for becoming symptomatic. These include the location of the lesion between T3 and T9, involvement of the entire vertebral body, an irregular honeycomb pattern, extension of soft tissue into the spinal canal and perivertebral region, extension of the vertebral lesion into the neural arch, and expansion of the cortex of the vertebral body with indistinct margins.
Another predictive feature is the vascularity of the lesion as demonstrated by soft-tissue density on CT, a low signal on a T 1 -weighted MRI, and high signal intensity on gadolinium contrast enhancement. 45 Although it has been claimed that haemangiomas with predominantly fatty tissue are almost always non-aggressive and asymptomatic, symptoms of pain 46 and neurological complications 47 can originate in non-aggressive haemangiomas 46 which may require vertebral enhancement with cement to relieve pain. In our series, one patient presented with MRI findings suggestive of a non-aggressive lipomatous haemangioma that was associated with debilitating pain, relieved only by balloon kyphoplasty. In this patient the lesion involved the entire vertebral body, as did the symptomatic lipid-filled haemangioma in another. Axial CT views demonstrating a) the polka dot appearance of thickened trabeculae, b) sagittal reformatting images demonstrating a cavernous haemangioma with thickened trabeculae simulating a 'corduroy cloth' pattern. c) Sagittal T 1 -weighted MRI demonstrating mottled low signal intensity of the vertebral body of T11 and soft-tissue extension into the spinal canal, d) axial view of gadolinium-enhanced T1-weighted MRI scan, demonstrating a soft-tissue haemangioma occupying the lateral half of the spinal canal and displacing the spinal cord to the right, e) post-operative mid-sagittal CT scan showing successful enhancement with bone cement after balloon kyphoplasty and f) at 12 months after operation a T 2 -weighted MRI sequence demonstrates complete resolution of the soft-tissue haemangioma in the spinal canal. Since the diagnosis is fairly accurate when using MRI and CT we do not recommend biopsy because of the potential for profuse bleeding.
Vertebral haemangiomas can compromise the neural tissue and cause neurological deficit by concentric narrowing of the spinal canal, bony intrusion into the canal after fracture, vertebral enlargement with ballooning of the posterior vertebral wall into the spinal canal, soft-tissue extension of the lesion and spontaneous or traumatic haemorrhage of the tumour into the epidural space. 22, 47 Pregnancy, particularly during the last three months of gestation, can precipitate neurological complications in 10% of patients. 26, 47 Although neurological deficit might be anticipated when vertebral haemangiomas are localised in the thoracic spine, similar complications may occur in the lumbar region and there are reports indicating cauda equina complications. 22 Two of our cases were associated with a serious neurological deficit. The reported rates of neurological deficit in symptomatic haemangiomas varies from 6.25% to 92.8%. 10, [29] [30] [31] [48] [49] [50] [51] Epidural bleeding from vertebral lesions can be either precipitated by trauma or occur spontaneously. 47 With spinal cord compression there is strong evidence to recommend combining surgical decompression with either vertebroplasty, arterial embolisation or intralesional injection of alcohol. 11, 15, 52 Decompression is usually effective, 29 but may not always provide the expected results. Not all patients who develop a neurological deficit and are treated by combining laminectomy and vertebroplasty will regain complete neurological function. 10 Purkayatha et al 53 observed only mild to moderate regression of epidural extension of haemangioma after embolisation or intralesional injection with alchohol. Surgical decompression should be considered for severe paraparesis (Frankel B or C) or after failure of other procedures. 9, 54, 55 Our data confirm that an aggressive haemangioma may remain asymptomatic until it develops serious complications. Castel et al 47 found that laminectomy and instrumentation as a sole procedure may fail to relieve back pain, and can be more effective when combined with vertebroplasty.
Relief of spinal cord compression has been recorded after intralesional injection of ethanol. 13, 30, 56 However, serious complications have also been encountered after treatment by alcohol injection, including a case report of BrownSéquard syndrome 57 and pathological fractures caused by osteonecrosis, 29, 58 which have been noted in 21% to 29% 13, 30 of patients. We have combined the use of injections of alcohol with PMMA cement to prevent these potential complications. Transient deterioration of the neurological status after intralesional injection of alcohol has also been noted and may be considered one of the side effects of this treatment. 30 We injected 15 ml of absolute alcohol at a rate of 2 ml every five minutes, as suggested in the literature, 13, 57 to prevent neurological complications, and did not encounter such problems. The intralesional injection of alcohol promptly controls bleeding from vascular haemangiomas.
Brunot et al, 10 reported the need for further vertebroplasty for recurrent symptoms in 19% of their patients. We encountered this problem in one patient, who developed partial recurrence of symptoms necessitating balloon kyphoplasty on the opposite side. This suggests that complete obliteration of a vertebral haemangioma through a biportal balloon kyphoplasty may be appropriate.
As haemangiomas can be associated with other problems at adjacent levels, such as degenerative disc disease, spinal stenosis or osteoporotic compression fractures, before attributing the origin of pain to a vertebral haemangioma, care must be taken to exclude other concomitant pathologies. 10 In one patient in our series the pain was attributed equally to a haemangioma and concomitant spinal stenosis, and in another the pain was partly due to a compression fracture of the inferior subchondral bone of T12. In the latter case, although investigation revealed that the haemangioma was not of an aggressive nature, it was decided to proceed with balloon kyphoplasty because of the local tenderness and the involvement of the entire vertebral body by the lesion. Previous studies have indicated that vertebrae adjacent to those enhanced with bone cement might be at risk of sustaining compression fractures. 38 Haemangiomas that involve the whole of the vertebral body may become symptomatic, and in this patient, although the MRI was suggestive of a non-aggressive, lipid-filled haemangioma, there was localised tenderness over the spinous process of L4 and during balloon kyphoplasty there was an excessive amount of bleeding. When imaging suggests that a vertebral haemangioma has the potential for more aggressive progression, or identifies asymptomatic haemangiomas with potential complications in patients predisposed to occupational hazards, augmentation of the vertebral body with cement may be justifiable. 10, 13, 59 Haemangiomas may progress spontaneously, 4 and can also be complicated by consumptive coagulopathy. 60 We have found balloon kyphoplasty, either as the sole procedure or as an adjunct to open surgery or translesional alcohol ablation, to be a safe and effective procedure, and an effective option for the treatment of vertebral haemangioma in the short term. From our experience and a review of the literature we conclude that aggressive vascular haemangiomas usually present with pain, whereas nonaggressive lipomatous lesions are asymptomatic. Aggressive vascular haemangiomas may remain asymptomatic until the occurrence of serious complications, such as paraplegia. Lipid-filled lesions, particularly if large, may occasionally become symptomatic. As intralesional injection of alcohol is frequently associated with avascular necrosis and pathological fractures, it is reasonable to stabilise the vertebra by augmentation with cement. An extensive review of the literature 38 has shown that balloon kyphoplasty is associated with less cement leakage than vertebroplasty. If a unilateral approach does not obliterate the haemangiomatous lesion then a bilateral approach is recommended to prevent a recurrence of symptoms.
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